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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0613

Clarence R. Allen and Robert W. Clayton
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6912)

nvestigations

This semi-annual Technical Report Summary covers the six-month period
from 1 October 1988 to 31 March 1989. The Cooperative Agreement's purpose is
the partial support of the joint USGS-Caltech Southern California Seismo-
graphic Network, which is also supported by other groups, as well as by direct
USGS funding to its own employees at Caltech. According to the Agreement, the
primary visible product will be a joint Caltech-USGS catalog of earthquakes in
the southern California region; quarterly epicenter maps and preliminary
catalogs have been submitted as due during the Agreement period. About 250
preliminary catalogs are routinely distributed to interested parties.

Results

During the reporting period, the joint Caltech-USGS Southern Califor-
nia Seismographic Network located 5,218 events (Fig. 1), including 140 of
magnitude 3.0 and larger. Ten of these were of magnitude 4.0 or larger. The
three most significant events were: (1) An ML 5.0 earthquake in the Santa
Monica Bay on 19 January 1989, (2) an ML 4.9 event under Pasadena on 3
December 1988, and (3) an ML 4.8 event in the North Palm Springs area on 16
December 1988.

The 3 December earthquake has been referred to as the '"Rose Bowl
earthquake because of an early preliminary location which placed it beneath
that structure. A later and better hypocentral location, however, placed it
beneath downtown Pasadena. The strike indicated by the few recorded after-
shocks agrees well with that inferred from the focal mechanism (Fig. 2),
indicating left-lateral strike slip, probably on the Raymond fault. The
Pasadena earthquake rattled nerves already shaken by the Whittier Narrows
earthquake but, perhaps due to its depth, did no substantial damage.

The focal mechanism of the 19 January '"Malibu earthquake'" showed
almost pure thrusting on a plane striking west-northwest. The location of
this sequence is within the Torrance-Wilmington fold-and-thrust belt as
defined by Hauksson and Saldivar. This shock and the event of 1 January 1979,
which occurred to the northwest, can possibly be ascribed to blind thrusts
beneath the anticlines of that belt.

The 16 December event occurred at the western edge of the aftershock
zone of the 1986 North Palm Springs earthquake (ML 5.6), and it appears to
have filled a corner of the original aftershock zone that had not previously
seen activity.
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Jones and Reasenberg (1989) have recently documented an approximately
three-fold increase in the level of seismic activity in the Los Angeles area
subsequent to March 1986. The boundaries of the involved region are not well
defined but may extend from Santa Monica Bay on the west to the Chino area on
the east. It is clear that this increased level of activity continued through
the reporting period.

Publications using network data (abstracts excepted)

Bent, A. L., Helmberger, D. V., Stead, R. J., and Ho-Liu, P., 1989, Waveform
modeling on the November 1987 Superstition Hills earthquakes: Seismol. Soc.
America Bull., v. 79, p. 500-514.

Hanks, T. C., and Allen, C. R., 1989, The Elmore Ranch and Superstition Hills
earthquakes of 24 November 1989: Introduction to the special issue:
Seismol. Soc. America Bull., v. 79, p. 231-238.

Hauksson, E., and Jones, L. M., 1988, The July 1986 Oceanside (ML = 5.3)
earthquake sequence in the continental borderland, southern California:
Seismol. Soc. America Bull., v, 78, p. 1885-1906.

Ho-Liu, P., Kanamori, H., and Clayton, R. W., 1988, Applications of attenua-
tion tomography to Imperial Valley and Coso-Indian Wells region, southern
California: Jour. Geophys. Research, v. 93, p. 10501-10520.

Jones, L. M., and Reasenberg, P. A., 1988, A preliminary assessment of the
recent increase in earthquake activity in the Los Angeles region: U.S.
Geol. Survey Open-File Rept. 89-162.

Magistrale, H., Jones, L., and Kanamori, H., 1989, The Superstition Hills,
California, earthquakes of 24 November 1987: Seismol. Soc. America Bull.,
v. 79, p. 239-251.

Reasenberg, P. A., and Jones, L. M., 1989, Probabilities of earthquakes after
mainshocks in California: Science, v. 242, p. 1401-1403.

Ziony, J. I., and Jones, L. M., 1989, Map showing late Quaternary faults and
1978-1984 seismicity in the Los Angeles region, California: U.S. Geol.
Survey Misc. Map ser. MF-1964.
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Fig. 1.--Map of epicenters of earthquakes in the southern California
region, 1 October 1988 to 31 March 1989.
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Regional Seismic Monitoring Along The Wasatch Front Urban
Corridor And Adjacent Intermountain Seismic Belt

14-08-0001-A0621

W. J. Arabasz, R.B. Smith, J.C. Pechmann, and S. J. Nava
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801) 581-6274

Investigations

This cooperative agreement supports "network operations” associated with the University
of Utah’s 79-station regional seismic telemetry network. USGS support focuses on the seismi-
cally hazardous Wasatch Front urban corridor of north-central Utah, but also encompasses
neighboring areas of the Intermountain seismic belt. Primary products for this USGS support
are quarterly earthquake catalogs and a semi-annual data submission, in magnetic-tape form, to
the USGS Data Archive.

During the report period, significant efforts were made in: (1) ongoing in-situ calibration
of remote telemetry stations, (2) long-term ptanning for upgrading of network instrumentation
and computing facilities, (3) installation of an expanded real time picker (supplied by the
USGS office in Menlo Park) to provide emergency earthquake locations in the event of the loss
of the PDP 11/34 recording computer, (4) installation of an alarm to notify personnel if the
recording computer crashes or runs out of tape, and (5) installation and operation (under severe
weather conditions) of temporary seismograph stations in and around the source zone of two
earthquakes: an ML4.8 earthquake on the Utah-Idaho border (§ MEQ recorders) and an ML5.4
earthquake in south-central Utah (4 MEQ recorders and 2 telemetered stations).

Results
Network Seismicity: October 1, 1988 - March 31, 1989

Figure 1 shows the epicenters of 452 earthquakes (MLSS 4) located in part of the Univer-
sity of Utah study area designated the "Utah region" (lat. 36.75°-42.5°N, long. 108.75°-
114.25°W) during the six-month period October 1, 1988 to March 31, 1989. The seismicity
sample includes 15 shocks of magnitude 3.0 or greater and 15 felt earthquakes.

The largest earthquake during the six-month report period was a shock of MLS .4 on Janu-
ary 30, 1989 (04:06 UTC), located 26 km SE of Salina, Utah, under the High Plateaus of the
Basin & Range - Colorado Plateau transition zone. The earthquake was felt strongly
throughout central and northem Utah (MMI VI - V) and was reported felt in northern Arizona,
western Colorado, and southwestem Wyoming (USGS, PDE No. 5-89). No significant damage
was reported. There were no foreshocks recorded for this earthquake. Through March 31,
1989, 50 aftershocks have been located in the Salina area, including 15 of magnitude 2.0 and
larger (Figure 2). The largest aftershock occurred on February 27 at 15:13 UTC (ML4.2), and



was felt in four counties. The focal mechanism for the main shock is very poorly
constrained—ambiguously indicating either normal or strike-slip faulting. An effort is being
made to supplement our data with those from stations in adjacent states to better constrain the
mechanism.

The second largest earthquake during the six-month report period was a shock of ML4.8
on November 19, 1988 (19:42 UTC) near the Utah-Idaho border, 5 km W of Bear Lake. The
earthquake was felt widely in northen Utah, southern Idaho (MMI IV - V), and as far south as
the Salt Lake Valley (USGS, PDE No. 47-88). Minor damage was reported in Logan and
Ogden. The main shock was preceded by two foreshocks, one on November 10 at 16:36 UTC
(ML2.5) and the other on November 19 at 19:37 UTC (ML2.6). Through March 31, 1989, 53
aftershocks have been located, including 19 of magnitude 2.0 or larger (Figure 3). The largest
aftershock ML 4.3, occurred 18 minutes after the main shock and was felt in southern Idaho
and northem Utah. Aftershocks of ML3.2 on November 28 at 10:46 UTC and ML2.8 on
December 2 at 18:46 UTC were both felt by residents of nearby small towns, Depths of the
best located aftershocks range from 7 to 11 km. A preliminary focal mechanism (Figure 3,
inset) indicates normal faulting, possibly with a strike-slip component of motion, on one of two
candidate fault planes: one nearly vertical, with a north-south strike; the other with a dip of
less than 38° and perhaps as small as zero, and a poorly constrained strike.

Earthquakes greater than magnitude 3.0 that occurred from October 1, 1988 through
March 31, 1989, are identified in Figure 1. Felt earthquakes in Utah, of magnitude 3.0 or
larger, during the report period include: an ML3.3 event on November 6 at 15:30 UTC, located
9 km NNE of Park City and reported felt as far away as Salt Lake City; an M c3.2 event on
February 7 at 11:49 UTC, felt in Manti; an M, 3.3 event on March 6 at 07:41 UTC, felt in
Koosharem and Glenwood; an Mc3.5 event on March 12 at 06:30 UTC, felt in Springdale,
Rockville, and in Colorado City, Arizona.

Reports and Publications

Nava, S. J., Utah earthquake activity, July through September, 1988, Survey Notes (Utah Geo-
logical and Mineral Survey), v. 22, no. 3, p. 13, 1988.

Nava, S. J., Utah earthquake activity, July through September, 1988, and October through
December, 1988, Wasatch Front Forum, v. 5, no. 2, pp. 11-12, 1988.

Nava, S. J., Utah earthquake activity, October - December, 1988, Survey Notes (Utah Geologi-
cal and Mineral Survey), v. 22, no. 4, p. 14, 1988.

Nava, S. J., The Salina, Utah, earthquake of 29 January 1989; Preliminary earthquake sum-
mary, Wasatch Front Forum, v. 5, no. 2, p. 9, 1988.

Nava, S. J., J. C. Pechmann, W. J. Arabasz, The magnitude 5.3 San Rafael Swell, Utah earth-

quake of August 14, 1988: A Preliminary Summary, Survey Notes (Utah Geological and
Mineral Survey), v. 22, no. 1-2, pp.16-19, 1988.

Nava, S. J., J. C. Pechmann, and W. J. Arabasz, The magnitude 4.8 Bear Lake, Utah, earth-
quake of November 19, 1988: A preliminary summary, Wasatch Front Forum, v. 5, no. 2,
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p. 9, 1988. .

Pechmann, J. C,, Utah earthquake activity, January through March, 1988, and April through

June, 1988, Survey Notes (Utah Geological and Mineral Survey), v. 22, no. 1-2, pp. 25-
26, 1988.

Pechmann, J. C., Utah earthquake activity, January through March, 1988, and April through
June, 1988, Wasatch Front Forum, v. 4, no. 3-4, pp. 24-25, 1988.
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Figure 3. Magnitude as a function of time for the Bear Lake, Utah, earthquake sequence (complete at least for ML
2 2.0). Two foreshocks and fifty-three locatable aftershocks were recorded from November 10 through March
31, 1989. A preliminary focal mechanism (lower hemisphere) for the main shock is shown in the inset.
(Compressions, solid circles; dilatations, open circles; smaller circles, readings of lower confidence; triangles,
slip vectors and P and T axes.) The focal depth of the main shock is not very well constrained, and was fixed
at 10 km based on the focal depths of aftershocks for which data from nearby portable instruments was avail-
able. The dashed line shows an alternative orientation for the shallowly-dipping nodal plane of the focal
mechanism, which is not well determined by the first motion data. The steeply dipping nodal plane of the
solution shown has a strike of 2°, a dip of 88°, and a rake between -90° and -60°, depending on the orienta-
tion of the other nodal plane. 8



Earthquake Prediction Experiments
in the Anza-Coyote Canyon Seismic Gap

14-08-0001-A0614

Jonathan Berger
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093
(619) 534-2889

1. Investigations

This report covers the progress of the research investigating the Anza-Coyote
Canyon seismic gap for the period of the second half of 1988. The objectives of this
research are: 1) To study the mechanisms and seismic characteristics of small and
moderate earthquakes, and 2) To determine if there are premonitory changes in seismic
observables preceding small and moderate earthquakes. This work is carried out in
cooperation with Tom Hanks, Joe Fletcher and Linda Haar, of the U.S. Geological Sur-
vey, Menlo Park.

2. Network Status

During the period of this report, nine stations of the Anza Seismic Network were
telemetering three component data. The network was set at a low gain for the period
covered by this report and was thus able to record on scale a M; =4.0 earthquake
which occurred within the array.

There were no significant modifications to the data acquisition equipment.

3. Seismicity

In the six months of fall and winter, the Anza network recorded 134 events, 111 of
which were large enough to locate and determine source parameters. These events had
magnitudes calculated by Caltech ranging from M; =1.1 to M; =4.8. The seismicity
consisted of a diffuse cluster of events at the southeastern end of the Hot Springs Fault,
a very concentrated cluster in the region of the Cahuilla Swarm of 1982, and a very
anomalous spurt of activity in the Table Mountain region consisting of over 40 earth-
quakes (Figure 1). The Table Mountain swarm began with a M; =4.0 event at 13 km
depth in early July followed by a cluster of aftershocks within a kilometer of the main
shock. In mid-July the seismicity moved about 5 kilometers to the north side of the
Buck Ridge Fault and up to 10 km depth. November showed a shift to a region just
east of the main shock and up to a depth of 8-9 kilometers (Figure 2). Throughout the
operation of the array, the Table Mountain area has been the site of very temporally
and spatially diffuse seismicity, in sharp contrast to the pattern of the last six months.
Also, the M; =4.0 event is one of the largest events to occur within the array since the
start of operations in October 1982.
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Regional Seismic Monitoring in Western Washington
14-08-0001-A0622

R.S. Crosson
R.S. Ludwin
Geophysics Program
University of Washington
Seattle, WA 98195
(206) 543-8020

Investigations

Operation of the western portion of the Washington Regional Seismograph Network (WRSN)
and routine preliminary analysis of earthquakes in western Washington are carried out under this
contract. Quarterly bulletins which provide operational details and descriptions of seismic activity
in Washington and Northern Oregon are available from 1984 through 1988. Final catalogs are
available from 1970, when the network began operation, though 1986. Catalog production is
funded jointly by this contract and others. The University of Washington operates approximately
80 stations west of 120.5°W, 28 of which are supported under this contract.

Excluding blasts, probable blasts, and earthquakes outside the U. W. network, 628 earth-
quakes west of 120.5°W were located during the period from October 1, 1988 through March 31,
1989, A significant fraction of these (234) were located near Mount St. Helens, which has not
erupted since October of 1986. Twenty-two earthquakes were felt in the period covered by this
report.

Activity near Mt. Rainier, which we noted in our previous summary, continued to occur at a
moderate rate during this reporting period. Part of this activity lies in an active zone about 12 km
west of the summit where a magnitude 2.9 earthquake at a shallow crustal depth (not felt) was
recorded on Dec. 30, 1988. This event was near the location of a previous magnitude 4.1 event on
July 29, 1988. Three small events with magnitudes of 1.3 or less were also detected on March 10,
1989 near the summit of Mt. Hood.

A notable earthquake of magnitude 4.5 occurred on March 5, 1989 at a depth of about 45 km
beneath the northen Olympic Peninsula. No foreshocks or aftershocks were observed for this
event. Two swarmlike sequences of crustal seismicity accounted for the majority of felt earth-
quakes. Four felt earthquakes, the largest of which was magnitude 3.3 on January 17, 1988, were
part of a sequence of 37 very shallow events above magnitude 1.0 that occurred on the east side of
Lake Washington between October 23, 1988 and March 31, 1989. The second sequence was near
Big Lake, located about 5 km south of Mt. Vemon in northwest Washington. This sequence
included 24 earthquakes greater than magnitude 1.0 during February and March, 1989. Nine of
these earthquakes were felt, including the two largest with magnitudes 4.0 and 4.2 on February 14
and March 6 respectively. Computed depths are 2 km or less for the Big Lake sequence. The
eight other earthquakes felt in western Washington during this period ranged in magnitude from
2.6 to 3.1. Additional information is included in our Quarterly Bulletins.

12
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Central California Network Operations

Investigations:

9930-01891

Wes Hall
Branch of Seismology
U.S. Geological Survey

345 Middlefield Road - Mail Stop 977

Menlo Park, Califomia 94025
(415) 3204730

Maintenance and recording of 349 seismograph stations (445 components) located in Northern
and Central California. Also recording 67 components from other agencies. The area covered is
from the Oregon border south to Santa Maria.

Results:

1. Bench Maintenance Repair:

seismic VCO units
summing amplifiers
seismic test units

2. Production/Fabrication:
J512A VCOunits
J512B VCO units
summing amplifier units
VO2L printed circuit boards

VO2H printed circuit boards

dc-dc converter /regulators
seismic test units

3. Modifications:
J51XM VCO units
summing amplifiers

4. Discriminator Tuning
J120

171
17

24
02
17
23
18
42
01

32
16

381
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10.

11.

Began modification program of all VCOs in the field February 1, 1989. VCO deviation is being
reduced from 115 Hz to 105 Hz with 4.05 volts input. Discriminator outputs is being increased

from 2.0 Volts to 2.2 Volts / 125 Hz. 157 units have been modified this report period.

Stations deleted: LOM, HCO, PHO!, PHOJ, PHOK, PSRA, PSRI. PSRJ, PSRK

New staions: LGM, LRSV, LRSZ, LHH, LMDE, LMDN, LMDV, LSS, LGH, LAS, PPG, POP,
PBP, PIR, GGPZ.

Installed a 2.5KW back-up generator plant and switch panel at Monument Peak microwave
facility.

Installed a 10KW back-up generator plant and switch panel at KAR Hill Microwave facility.

Installed the microwave alarm system which allows all trans-receiver fault conditions to be
monitered at Menlo Park and recorded on a PC.

Installed loop back channel to aid troubleshooting microwave system malfunctions by using
a test tone.
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SEISMOLOGICAL DATA PROCESSING
9930-03354

Bruce Julian, Greg Allen, Tom Jackson, Moses Smith

Branch of Seismology
U.S. Geological Survey
345 Middlefield Rd. MS 977
Menlo Park, California, 94025
(415) 329-4695

INVESTIGATIONS

The purpose of this project is to provide for general
purpose and specialized computer systems required by the
branch of Seismology and its research collaborators.

Some systems are required to meet the general computing
needs of scientists in the earthquake prediction

program. Other specialized systems monitor earthquakes

in northern and central California, in real-time around the
clock, or perform specific data acquisition and processing
tasks. Lately, there is an increasing need for networking
facilities to transfer data, programs and electronic mail
between computers.

To meet the stated project goals, this project has
responsibility for maintaining and enhancing existing
computer systems and computer communication networks in
addition to planning and purchasing new systems. Existing
systems include a DEC PDP 11/70 UNIX system, a DEC VAX 750
VMS system, a DEC VAX 785 VMS system, two DEC PDP 11/44 RSX
systems, an ISI Motorola 68020 UNIX system, a SUN 4/280
(sparc) UNIX system, three SUN 3/50 UNIX workstations, eight
SUN 3/60 UNIX workstations, and two MS-DOS microcomputers.
All of these systems are connected to networking facilities,
which include wide area networks (geonet, span, internet),

a campus wide local area network (ethernet), a digital

data switch (ROLM), and phone links (public and dedicated).

Recent work has focused on: installing new SUN workstations
and a SUN 4/280 server; creating communication subnets for
SUN and DEC workstations; expanding communication capabilities
to include national and international networking; moving

tape digitizing and dubbing tasks to PCs dedicated to that

purpose.
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RESULTS

A SUN 4/280 server has been installed, along with six more
SUN 3/60 workstations. The SUN 4/280 is a risc architecture
system which is used for fast processing and as a file
server for the SUN workstations.

Two ethernet subnets have been created, to provide more
efficient networking for SUN and DEC workstations. A
bridge and ethernet cable were installed to isolate the
DEC workstations onto a separate subnet. Another ethernet
cable was installed, for the SUN workstations, using the
the SUN 4/280 as a bridge, or router, to this new subnet.

The USGS local area network has been joined to BARRNET and
the Internet, via Proteon gateways and a 56 kbs DDS phone
line. This allows intercommunication between computers for
file transfers, remote logins, and electronic mail on

a regional and national level, and provides electronic mail
on an international level.

Two MS DOS micro-computers and tape controller boards have
been obtained for the purpose of controlling tape digitizing
and dubbing tasks. Development of controlling software is
currently underway.
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Central Aleutians Islands Seismic Network

Agreement No. 14-08-0001-A0259

Carl Kisslinger and Sharon Kubichek
Cooperative Institute for Research in Environmental Sciences
Campus Box 216, University of Colorado
Boulder, Colorado 80309

(303)492-6089

Brief Description of Instrumentation and Data Reduction Methods

The Adak seismic network consists of 13 high-gain, high-frequency, two-
component seismic stations and one six-component station (ADK) located at the
Adak Naval Base. Station ADK has been in operation since the mid-1960s; nine of
the additional stations were installed in 1974, three in 1975, and one each in 1976
and 1977.

Data from the stations are FM-telemetered to receiving sites near the Naval
Base, and are then transferred by cable to the Observatory on the Base. Data were
originally recorded by Develocorder on 16 mm film; since 1980 the film recordings
are back-up and the primary form of data recording has been on analog magnetic
tape. The tapes are mailed to CIRES once a week.

At CIRES the analog tapes are played back at four-times the speed at which
they were recorded into a computer which digitizes the data, automatically detects
events, and writes an initial digital event tape. This tape is edited to eliminate spuri-
ous triggers, and a demultiplexed tape containing only seismic events is created. All
subsequent processing is done on this tape. Times of arrival and wave amplitudes are
read from an interactive graphics display terminal. The earthquakes are located using
a program originally developed for this project by E. R. Engdahl which has been
modified several times since then.

Data Annotations

A major maintenance trip was conducted during mid-July through September,
1988. Of the 28 short-period vertical and horizontal components, 16 were operating
for most of the time period of May through July, 1988. By the end of the 1988 sum-
mer field trip to Adak, all 28 components were operating. Our field team was able to
obtain use of a Coast Guard helicopter, at no cost to the project, and brought up AK2
and AK3, which had been down for about 6 years due to difficult access. A lightning
strike at the end of the summer field trip brought AD1Z and AD6H down again and
we were unable 10 repair them.

Current Observations

In late 1987, the network purchased a Sun 3/50 work-station, Sun 1600/6250
bpi tape drive and controller, and two 141 Mbyte hard disks to replace our PDP
11/70. Currently, the tape drive and Versatec are driven by a Sun 3/260 belonging to
CIRES, free of charge, while all of our computing is done on the Sun 3/50. We have
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installed and customized the data analysis package developed at Lamont-Doherty
Geological Observatory and have been locating earthquakes since August 29, 1988.
Due to the down time associated with our move to a new building and installation of
the above system, we have modified our locating strategy in order to maintain a sam-
pling of seismicity after the May 7, 1986 major event (Mg 7.7), and also remain as
current as possible. As a result, we have a research assistant locating the first week
of every month after the May 7, 1986 event through June 1987 and two locators
working from July 1987 onward, and one locator in 1988.

We had planned to be locating current 1989 data by now, but, unfortunately, the
PDP 11/34 used to digitize the analog tapes has broken and all attempts to repair it
have failed. We are still attempting to repair the PDP 11/34, but in the meantime, are
testing a new digitizing device loaned to us by Mr. Reese Cutler of Cutler Digital
Design. This device is linked to a Sun 3/60 workstation and the Cutler digitizing
device and Sun 3/60 can be used to replace the PDP 11/34. Dr. Peter Ward of Menlo
Park is currently using such a system to digitize his network data on a real-time basis.
We have more than twice as many stations as Dr. Ward and are digitizing at four-
times his rate, but it seems likely that this system, with software provided by Dr.
Ward, will work and could replace the 11/34. No tapes since November 1988 have
been digitized.

The location work has proceeded well; 75 earthquakes were located during Sep-
tember 1 - 7 and October 1 - 8, 1986; 217 were located during July 1 - 8, August, and
September, 1987; and 202 during September - October 19, 1988. An additional 39
earthquakes were located during March 21 - May 6, 1987 for a special study of deep
events, making a total of 256 for 1987. The grand total for all three time periods
located since our new system was finally up and ready is 533. This is about the rate
that we had located events in years prior to 1986.

Epicenters of all located the events for 1986, 1987, and 1988 are shown in Fig-
ures 2a, 2b, and 2c and vertical cross-sections are given in Figures 3a, 3b, and 3c.

Seven of the events located with data from the Adak network for 1986 were
large enough to be located teleseismically (USGS PDEs). A number of other telese-
ismically located aftershocks within the network region are difficult for us to locate
due to their arrivals being masked by the codas of other aftershocks. Also, 17 of the
events located with data from the Adak network for the specified dates in 1987 and 4
in 1988 were large enough to be located teleseismically (USGS PDEs). Because of
the large number of aftershocks of May 7, 1986, a decision was made to not locate
earthquakes with duration magnitudes (M,) of less than 2.3 for 1986 and 1987. How-
ever, all events are being located for 1988.

A catalog has been compiled of the located events which occurred in 1986,
1987, and 1988. The catalog is complete for events within the specified time inter-
vals with Mg22.3 for 1986 and 1987, and is complete for all events in 1988.

More detailed information about the network status and a catalog of the hypo-
centers determined for the time period reported here are included in our semi-annual
data report to the U.S.G.S. Recent research using these data is reported in the Techn-
ical Summary for U.S.G.S. Grant No. G1368.

Improvements in Analysis Techniques

In the past, the Central Aleutians Seismic Network duration magnitudes have
been smaller than USGS m, value for larger events by approximately one unit of
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magnitude. Recent research has exposed some additional inconsistencies with the
traditional method of determining magnitude for events in the central Aleutians. To
correct these problems we are developing a new formula which has been scaled to
agree with the magnitudes reported in the Preliminary Determination of Epicenters,
but yields the same value for small events. The resulting preliminary formula is:

M=1.0+.63[l0g;¢*1+.003A+.003z)

where M; is the duration magnitude, 7 is the duration measured from the S arrival, A
is the epicentral distance, and z is the depth. A discussion of research on this prob-
lem can be found in the report of Grant No. G1368 elsewhere in this volume.

Other research using network data has revealed a gradually increasing variation
in the apparent rate at which our data is digitized (nominally 75sps) due to mechani-
cal wear associated with our analog tape drives. In general this variation is minor
during any one year, but enough to cause difficulties in analyses of data separated by
several years. The effect on routine locating is a drift in time marks and station resi-
duals toward the end of any segment of digitized data. It was decided to correct this
effect on routine locations by setting the time marks over an interval of at least one
minute, rather than using the computer clock. This is equivalent to calculating the
actual sampling rate for each event, rather than using a constant value for all data. A
minor improvement in residuals was noted, so we have decided to continue using this
more accurate method. Data from mid-August 1987 and September 1988 onward are
affected by this change.
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Figure 1a: Map of seismicity which occurred September 1 - 7 and October 1 - 8, 1986. All
epicenters were determined from Adak network data. Events marked with squares are those
for which a teleseismic body-wave magnitude has been determined by the USGS; all other
events are shown by symbols which indicate the duration magnitude determined from Adak
network data. The islands mapped (from Tanaga on the west to Great Sitkin on the east) indi-
cate the geographic extent of the Adak seismic network.
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Figure 1b: Map of seismicity which occurred selected times in March, April, May, July 1 -
8, August, and September, 1987. Symbols as in Figure 1a.
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Figure 2a: Vertical cross section of seismicity which occurred September 1 - 7 and October
1 - 8, 1986. Events are projected according to their depth (comresponding roughly to vertical
on the plot) and distance from the pole of the Aleutian volcanic line. The zero-point for the
listance scale marked on the horizontal axis of the plot is arbitrary. Events marked with
‘quares are those for which a teleseismic body-wave magnitude has been determined by the

1SGS; all other events are shown by symbols which indicate the duration magnitude deter-

ined from Adak network data. The irregular curve near the top of the section is bathymetry.
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Figure 2b: Vertical cross section of seismicity which occurred selected times in March,
April, May, July 1 - 8, August, and September, 1987. Projection and symbols as in Figure 2a.
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Alaska Seismic Studies
9930-~01162

John C. Lahr, Christopher D. Stephens,
Robert A. Page, Kent A. Fogleman
Branch of Seismology
U. S. Geological Survey
345 Middelfield Road
Menlo Park, California 94025
(415) 329-4744

Investigations

1) Continued collection and analysis of data from the high-gain
short-period seismograph network extending across southern Alaska
from the volcanic arc west of Cook Inlet to Yakutat Bay, and
inland across the Chugach Mountains. This region spans the
Yakataga seismic gap, and special effort is made to monitor for
changes in seismicity that might alter our assessment of the
imminence of a gap-filling rupture.

2) Cooperated with the USGS Branch of Alaskan Geology, the
Geophysical Institute of the University of Alaska (UAGI), and the
Alaska Division of Geological and Geophysical Surveys in
operating the newly established Alaska Volcano Observatory (AVO).
Under this program, our project monitors seismicity near Mt.
Spurr and Mt. Redoubt with a 12-station network that includes 3
stations near Spurr and 5 stations near Redoubt.

3) Cooperated with the Branch of Engineering Seismology and
Geology in operation 16 strong-motion accelerographs in southern
Alaska, including 11 between Icy Bay and Cordova in the area of
the Yakataga seismic gap.

Results

1) Preliminary hypocenters determined using data from the
regional network for the period July 1988 - January 1989 are
shown in Figures 1 and 2. Among the notable features in the
distribution of shallow epicenters (Figure 1) are: continuing
aftershock activity in the northern Gulf of Alaska from recent
earthquakes of magnitude 7.6 M, that occurred in November 1987
and March 1988 (Lahr and others, 1988); a sequence of twelve
shocks with magnitudes ranging from 1.5 - 3.9 M; (4.9 my) that
occurred beneath the continental shelf south of Prince William
Sound (near latitude 60° N, longitude 146.6° W) within a three-
hour period on August 13; two sequences of crustal shocks with
magnitudes ranging up to 3.1 m; (4.1 m;) located in close
proximity beneath northern Cook Inlet (near latitude 60.9° N,
longitude 151.0° W); and a sequence of nine crustal shocks in
October that was initiated by a magnitude of 2.5 M, mainshock
located 10 km southeast of Mt. Spurr along the volcanic arec.
None of these events are clearly associated with mapped fault
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traces.

Near the center of the Yakataga seismic gap and beneath
western Prince William Sound the apparent rates of shallow
activity are elevated compared to preceding time periods.
However, these increases can be at least partly attributed to
systematic effects: the recent installation of two seismographs
near the center of the gap, which lowered the magnitude threshold
for detection and location of earthquakes in this area, and
implementation of a lower than normal magnitude threshold for
event selection in the Prince William Sound area during the first
two weeks of July, in order to coincide with a temporary
deployment of seismographs.

A magnitude 4.9 m; (5.5 m,) shock that occurred on November
30, 1988, was located at a depth of 144 km near Mt. Spurr (Figure
2). This is among the deepest shocks located along this segment
of the Aleutian Wadati-Benioff zone, and is the largest known
shock within an epicentral distance of 100 km since a 5.5 m
shock in 1970. Locally the apparent thickness of the inclined
seismic zone is about 20 km, and the recent shock was located 18
km deep with the zone in a direction normal to its upper surface.
The focal mechanism determined from initial P-wave polarities at
regional stations is poorly constrained, but is compatible with
mechanisms of other Wadati-Benioff zone events from adjacent
segments of the arc which typically have an axis of least
compressive stress that is aligned with the downdip direction of
the subducted plate.

Beginning January 1989, the USGS and UAGI began a
cooperative effort to process and analyze regional earthquake
data from southern and interior Alaska and produce a joint
catalog. As part of this effort, a primary data collection
center is being established in Fairbanks where signals from both
seismograph networks are being recorded digitally. Additional
digital seismograms will be obtained from remote USGS recording
nodes in Cordova and Yakutat. An initial impact of this joint
processing effort has been an increase in the number of shocks
with durations magnitudes below 2 that are located routinely in
the western part of the network, west of about longitude 145°W.

2) Procedures have been established for AVO to issue regular
monthly reports of recent volcano-related events. The first
report was for January 1989. A protracted swarm of small (M = 0)
earthquakes at Mt. Spurr volcano began on or about January 22,
1989 and continued into the first week of February. As many as
115 events per day were recorded, but the intensity began to
decline after about February 4 and the swarm was not evident
after about February 9. Although individual events could not be
located because the events were recorded at only two stations,
the character and similarity of the waveforms indicate that the
swarm originated from a small volume (dimensions of 100 m or
less) at a depth of 1 or 2 km. A similar swarm occurred in 1982
when three local seismographs were operating. Based on the
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similarity of waveforms between the two swarms, it was deduced
that they originated at the same point, roughly 7 km north of the
summit. No comparable swarms are known to have occurred between
1982 and the present.

3) Nineteen strong-motion records were recovered from ten sites
in the network. Fifteen of these records could be associated
with the three mainshocks in the recent Gulf of Alaska sequence:
four with the first shock on November 17, 1987 (7.0 M,), seven
with the shock on November 30, 1987 (7.6 M,), and four with the
shock on March 6, 1988 (7.6 M,). Three records did not have
absolute time, but are likely associated with the Gulf of Alaska
sequence. One record, at the site GYO near Icy Bay, may have
been triggered by a nearby shock with a duration magnitude of 2
that was located by the high-gain network.

For the Gulf of Alaska sequence, the greatest accelerations
were recorded for the November 30 shock. The epicenter of this
event is 200 km north of the March 6 epicenter and is thus much
closer to all of the sites. For the November 30 shock, the
highest acceleration was recorded at Yakutat, 200 km northeast of
the epicenter, where 0.14 g was observed on the E-W component.
For the two other mainshocks, all of the records had
accelerations less than 0.05 g.

4) A new PC/AT-based on-line computer system (MDETECT;
Tottingham and others, 1989) was installed in Yakutat, Alaska, to
replace the PC-based PCELOG. A second PC/AT system was also
installed in Cordova because financial constraints necessitated
termination of the telephone circuit from this important node
which receives signals from several stations in or near the
Yakataga seismic gap. Both systems were modified to incorporate
a digital signal processing board so that frequency-domain
techniques could be used to aid in event detection (Rogers,
1989). These enhanced capabilities allow calibration signals
from the remote instruments to be routinely detected and recorded
at both nodes. Algorithms that use frequency information to
detect and classify signals from earthquakes and other events of
interest are under development.
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Figure captions

Figure 1. Epicenters of 651 shallow earthquakes that occurred
between July 1988 and January 1989. Processing of data from the
last two weeks in July and all but one day in August has not been
completed. Magnitudes are determined from coda duration or
maximum amplitude, and events of magnitude 3 and larger are
generally about one magnitude unit smaller than the corresponding
teleseismic m, magnitude. The magnitude threshold for
completeness varies across the network. Contour with alternating
long and short dashes outlines inferred extent of Yakataga
seismic gap. Solid diamonds indicate epicenters of M, 7.6
earthquakes that occurred in November 1987 and March 1988.
Neogene and younger faults shown as solid lines. PWS -Prince
William Sound.

Figure 2. Epicenters of 425 intermediate and deep shocks that
occurred between July 1988 and January 1989. See Figure 1 for
ietails about magnitudes and map features.
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Seismic Data Library
9930-01501

W. H. K. Lee
U. S. Geological Survey
Branch of Seismology
345 Middlefield Rd., MS 977
Menlo Park, CA 94025
(415) 329-4781

This is a non-research project and its main objectives is to
provide access of seismic data to the seismological community. The
Seismic Data Library was started by Jack Pfluke at the Earthquake
Mechanism Laboratory before it was merged with the Geological
Survey. Over the past ten years, we have built up one of the
world's largest collections of seismograms (almost all of them on
microfilm) and related materials. Our collection includes
approximately 4.5 million WWNNS seismograms (1962-present), 1
million USGS local earthquake seismograms (1966-1979), 0.5 million
historical seismograms (1900-1962), 20,000 earthquake bulletins,
reports and reprints, and a collection of several thousand magnetic
tapes containing (1) a complete set (to 1984) of digital waveform
data of the Global Digital Seismic Network (Date Tapes), and (2)
a complete set of digital archive data of Calnet (CUSP archive
tapes) since April 1984. Unfortunately, funding for FY-89 is
inadequate such that the part-time assistant for the Seismic Data
Library was laid off, and the future to continue the Date Library
s uncercain.
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Northern and Central California Seismic Network Processing
9930-01160

Fredrick W, Lester
Branch of Seismology
U.S. Geological Survey
345 Middlefield, MS 977
Menlo Park, CA 94025
(415) 3294747

Investigations

1.

In 1966 a seismographic network was established by the USGS to monitor earthquakes in
central California. In the following years the network was expanded to monitor earthquakes
in most of northern and central California, particularly along the San Andreas Fault, from
the Oregon border to Santa Maria. In its present configuration there are over 400 single
and multiple component stations in the network. There is a similar network in southern
California. From about 1969 to 1984 the primary responsibility of this project was to
manually monitor, process, analyze, and publish the data recorded from this network. In
1984 a more efficient and automatic computer-based monitoring and processing system
(CUSP) began online operation, replacing most of the manual operations previously performed
by this project. (See also the project description "Consolidated Digital Recording and
Analysis” by S.W. Stewart.)

Since the introduction of the CUSP system the responsibilities of this project have changed
considerably. The main focus of the project during the time period January 1984 through
January 1989 was that of finalizing and publishing preliminary network data from the years
1978 through 1984, Other duties included manually scanning network seismograms as back-up
event detection for the CUSP system. We then supplemented the CUSP data base with the
scan detected events. However, on February 1, 1989 the CUSP data processing staff and daily
network data processing responsibilities were transferred to this project. So at that time this
project again became responsible for the daily processing and archiving of seismic data from
the network. However since the CUSP system is now used daily processing is much faster
and more efficient than during the time the data were processed by hand. The staff of nine
technicians and professionals can effectively process 35 to 45 events per day.

This project continues to maintain the primary seismic data base for the years 1969 to the
present on both a computer and magnetic tapes for those interested in doing research using the
network data. As soon as older data are complete and final the preliminary data base is
updated with the final phases and locations.

For nearly two decades this office monitored the earthquakes in Yellowstone National Park
and vicinity. The data from these earthquakes have been collected and processed, and approx-
imately 7000 events have been located for the time period 1959 to 1986. These data are
currently being used to produce a map of epicenters for the region. This map will compliment
both the recently published catalog of earthquakes for 1973 to 1984, and a map and cross sec-
tions for 1964 to 1984, covering the same area.

As time permits some research projects are underway on some of the more interesting or
unusual events or sequences of earthquakes that have occurred within the network. Areas of
interest include the Golden Gate area near San Francisco, and Medicine Lake just east of
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Mount Shasta.

Results

1.  Figure 1 illustrates 6587 earthquakes located in northern and central California during the time
period October 1988 through March 1989. This level of seismicity is normal for a six month
period. The largest earthquake during that time was a magnitude 4.7 event that occurred on
November 9, 1988. It was located approximately 15 kilometers east of San Jose on the
Calaveras fault.

In the next month or two we plan to beginning to publish, probably on a monthly basis, a
preliminary catalog of earthquakes for northern and central California. The format is not yet
established but it will be some type of listing of events accompanied by a text explaining the
processing and what is in the catalog. The catalog will be a combination of data processed by
this project, using CUSP, and data from the Real Time Processor (RTP). The data from the
RTP are those that are detected, recorded, and processed automatically by a microprocessor-
based system developed at this office by Rex Allen, Jim Ellis, and Sam Rodriguez and run
concurrently with the CUSP system. Merging of data from these two sources is presently
being performed by Al Lindh and Barry Hirshom on another project, but soon will accom-
plished by this project. Merged data from these two processing sources should enable us to
provide a comprehensive catalog that is complete at magniwude 1.5 in the central core of the
network and something approaching 2.0 in the more remote portions of the net.

2. The current catalog is complete and correct through September 1988. The data from October
1988 through February 1989 are complete, but some work remains to make corrections on
some problem events and identify the quarries that have been located. Data from March 1989
are still incomplete and many errors still remain to be identified and corrected.

3.  The map of earthquake locations for Yellowstone Park and vicinity for 1959 to 1986 is now
undergoing final revisions. It is expected to be finished and at the publisher by October or
November 1989.

4, Nan MacGregor-Scott is currently working with Andy Michael to publish a paper on earth-
quakes that have occurred in the last few years near the Golden Gate area northwest of San
Francisco. There has been a notable increase in activity in this region since January 1989
including four magnitude 3+ events in February 1989.

Steve Walter has been investigating the seismicity in the Medicine Lake region. A magnitude
4.0 earthquake occurred in that area on September 30, 1988 followed be aftershocks. The aft-
ershocks have continued until the present and there has been renewed interest in this region
because of this activity and the possible implication of associated volcanic activity. Steve has
been co-author on one short report about these earthquakes and plans to do more in the future.

Reports

Donnelly-Nolan, J. M., and S. R. Walter, 1989, Medicine Lake volcano and it’s recent earthquakes,
A contribution to the newsletter for visitors to Lava Beds National Monument, March 31,
1989, 6p.

Pitt, A. M., 1989, Maps showing earthquake epicenters (1961 - 1981) in Yellowstone National Park
and vicinity, Wyoming, Idaho, and Montana, U. S. Geological Survey, Miscellaneous Field
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WESTERN GREAT BASIN-EASTERN SIERRA NEVADA SEISMIC NETWORK
USGS Cooperative Agreement 14-08-0001-A0618

Principal Investigators: M. K. Savage and W.F. Nicks
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4315

Investigations

This contract supported continued operation of a seismic network in the
western Great Basin of Nevada and eastern California, with the purpose of
recording and locating earthquakes occurring in the western Great Basin, and
acquiring a data base of phase times and analog and digital seismograms from
these earthquakes. Research using the data base was performed under USGS
contract 14-08-0001-G1524 and is reported elsewhere in this volume.

Results
Development of the network

, Figure 1 shows the network as of May 1, 1989. We have begun the process of
replacing our existing processing system with a system developed by the USGS
and Caltech based on a microvax cluster, the CUSP (Caltech-USGS Seismic Pro-
cessing system). Recording of the short period, vertical stations on the new sys-
tem is functional and the trigger is more sensitive than the previous one. Sys-
tem testing has begun on the recording of the intermediate-period, 3-
component digital stations in a separate data stream, and the new Witcher
Creek station is being recorded in the digital data stream. The CUSP seismo-
gram picking program is under development at the USGS; we have a copy that is
extremely slow, and we can begin the complete process of changeover when it is
finished. Mapping and fault plane solution programs have successfully been
installed on the microvax and many other programs have been transferred.

A seismic alarm has been implemented that operates off the CUSP output
and sends alarms for earthquakes greater than about magnitude 3.5 within the
network. We then use the present CUSP system to locate the earthquake and
calculate its’ fault plane solution without having to change the tape on the 11/34
system. The CUSP system is also providing a backup for the 11/34 system when
it goes down or misses events that are caught on the CUSP system's more sensi-
tive trigger.

Seismicity during report time

From September 1, 1988 through March 31, 1889, the University of Nevada
Seismological Laboratory located 1405 earthquakes (fig 2, 3). 383 events were
magnitude 2 or greater, B0 were magnitude 3 or greater, 3 had magnitude
greater than 4 and one had magnitude 5.0, located in the Garfield Hills between
Hawthorne and Mina, Nevada. Portable instruments were deployed after the
Garfield Hills earthquake and during the Virginia City swarm of felt earthquakes
from January 28 -February 1, 1989. The Garfield Hills earthquake is the subject
of a master’s thesis by Che Noorliza Lat, and a progress report on analysis of the
Virginia City swarm is described elsewhere in this volume. Most activity was
associated with the Long Valley Caldera area and the Mono Lakes area.

More detailed monthly reports of seismicity can be obtained by contacting
the laboratory.
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

William V. Stauder and Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
3507 Laclede
St. Louis, MO 63103
(314) 658-3131

Investigations

The purpose of the network is to monitor seismic activity in the Central Mis-
sissippi Valley Seismic zone, in which the large 1811-1812 New Madrid earth-
quakes occurred. The following section gives a summary of network observations
during the last six months of the year 1988, as reported in Network Quarterly
Bulletins No. 57 and 58.

Results

~ In the last six months of 1988, 61 earthquakes were located and 30 other
nonlocatable earthquakes were detected by the 42 station regional telemetered
microearthquake network operated by Saint Louis University for the U.S. Geologi-
cal Survey and the Nuclear Regulatory Commission. Figure 1 shows 61 earth-
quakes located within a 4° x 5° region centered on 36.5°N and 89.5°W. The
magnitudes are indicated by the size of the open symbols. Figure 2 shows the
locations and magnitudes of 42 earthquakes located within a 1.5° x 1.5° region
centered at 36.25° N and 89.75°'W.

In the last six months of 1988, 69 teleseisms were recorded by the PDP 11/34
microcomputer. Epicentral coordinates were determined by assuming a plane
wave front propagating across the network and using travel-time curves to deter-
mine back azimuth and slowness, and by assuming a focal depth of 15 kilometers
using spherical geometry. Arrival time information for teleseismic P and PkP
phases has been published in the quarterly earthquake bulletin.

The significant earthquakes occurring in the last six months of 1988 include
the following:

1. September 7 (0228 UCT). Kentucky. my, = 4.6 (BLA). Maximum inten-
sity VI. Felt strongly in much of eastern Kentucky and in parts of Indiana,
Ohio, Tennessee and West Virginia. Aftershock of my, = 3.8 (BLA)
occurred two to three minutes later.

2. October 5 (0038 UCT). Southern Indiana. my;, = 3.4 (NEIS). Felt IV at

Calhoun and Olney, Illinois. Felt III at Dundas, Lawrenceville, Summer and
West, Liberty, Illinois.
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Consolidated Digital Recording and Analysis
9930-03412

Sam Stewart
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road Mail Stop 977
Menlo Park, California 94025

Investigations.

On February 1, 1989 the operational functions of this project,
along with appropriate personnel, were transferred to the "North
and Central California Seismic Network Processing" project
(9930-01160) . See Rick Lester's report in this volume for a
summary of the CUSP network processing function.

The "Consolidated Recording and Analysis " project now has as its
primary goal the design, development and support of computer-based
systems for processing earthquake data recorded by large,
telemetered seismic networks. This includes (1) realtime systems
capable of monitoring up to 512 stations and detecting and saving
waveforms even from earthquakes registering just slightly above
background noise level, (2) near-realtime and offline graphics
systems to analyze, catalog and archive the detected waveforms, (3)
support and documentation for the users of the system.

Hardware for these systems 1is based upon Digital Equipment
Corporation (DEC) VAX series of micro-computers. Currently, this
includes the VAX 750, microVAX II, and VAXstations 2000 and 3200.

Software is based upon the DEC/VMS operating system, the CUSP
database system, and the GKS graphics system. VMS is a major
operating system, well documented and developed, and has a rich
variety of system services that facilitate our own system
development. CUSP is a state-driven data base system specifically
designed and developed by Carl Johnson of the USGS.

GKS is an international-standard graphics analysis package that
provides interactive input facilities as well as graphical output
to a workstation. We use the DEC implementation of GKS.

Results.

1. A realtime data acquisition system was completed before the
start of this report period. It is being used by the seismological
laboratories at Cal Tech and the University of Nevada (Reno), and
at the Varian site in Parkfield, CA. During this report period it
was greatly improved, problems were fixed, and updated versions are
operating at the above sites and also at the Halliburton site in
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Parkfield.

2. Development of the GKS-based inter-active graphics analysis
system was pursued in earnest. It is still under development and
not yet ready for initial testing. It handles up to 512 stations,
with up to 24 waveforms being displayed on the screen at once. It
is almost entirely mouse-driven; very 1little keyboard input is
required. It is designed so that users may interface their own
analysis subroutines with a minimum of reprogramming, and without
the system becoming bulky and awkward to maintain.

3. Documentation is proceeding concurrently. VMS online 'HELP'

documentation is well underway. This allows the user to ask for
'help' while using the CUSP system. The 'help' files are designed
so that they may be part of written manuals as well. Presently the
docmentation for the offline analysis system is being developed.

Reports.
None.
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001-A0260

John Taber
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to obtain origin times, hypo-
centers, and magnitudes for local and regional events. The processing resulted in files of hypo-
center solutions and phase data, and archive tapes of digital data. These files are used for the
analysis of possible earthquake precursors, seismic hazard evaluation, and studies of regional tecton-
ics and volcanicity (see Analysis Report, this volume). Yearly bulletins are available starting in
1984.

Results

The Shumagin network was used to locate 955 earthquakes during 1988. The seismicity of
the Shumagin Islands region for 1988 is shown in map view in Figure 1 and in cross section in
Figure 2 (top). There were a total of 32 events over magnitude 4 during the year. The largest event
in this period within the network occurred on 3/25/88, had a m, of 5.4, and was located just south
of the Shumagin Islands at 54.68N, 159.64W The most significant activity during the year was an
earthquake sequence near Mt. Dutton volcano and the town of King Cove (Figure 2, bottom). The
sequence began in July with the most intense activity occurring in August. 293 events were located
in the swarm from July through December with only a few events per month occurring from
October onward. There have been no historic eruptions of Mt. Dutton, nor are there any fumeroles
or hot springs on the volcano. The only previous known activity was a much smaller swarm of
shallow earthquakes beneath Mt. Dutton starting in August, 1984 (Taber and Jacob, USGS Open
File Report 85-464, p. 32). That sequence peaked in September, 1984 and continued at a somewhat
elevated level through the fall of 1985. The largest event of the present sequence had an m,=4.6
(NEIS). The distribution of epicenters forms a roughly linear zone which extends in a SE direction
about 10 km from the western shoulder of the volcano. All events are high frequency in character,
there have been no low frequency volcanic earthquakes so far.

Otherwise the overall pattern over this time period is similar to the long term seismicity.
Concentrations of events occur at the base of the main thrust zone and in the shallow crust directly
above it. The continuation of the thrust zone towards the trench is poorly defined. West of the net-
work (which ends at 163°), the seismicity is more diffuse in map view and extends closer to the
trench. Below the base of the main thrust zone (45 km) the dip of the Benioff zone steepens.
Part of the double plane of the lower Benioff zone is evident between 50 and 100 km depth.

The network is capable of digitally recording and locating events as small as M,=0.4 with uni-
form coverage at the 2.0 level. Events are picked and located automatically at the central recording
site in Sand Point, Alaska and the results, along with subsets of the digital data, can be accessed via
telephone modem. Onscale recording is possible to "M,=6.5 on two telemetered 3 component
force-balance accelerometers. Larger events are recorded by one digitally recording accelerometer
and on photographic film by 10 strong-motion accelerometers.
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Figure 2. Top: Cross-section of Shumagin network seismicity along line A-A’ in previous
figure. Note Mt. Dutton seismicity at surface above double Wadati-Benioff zone. Bottom:
Expanded map view of Mt. Dutton seismicity (see previous figure for location). Only best
located crustal events from 1988 are shown. Trend of epicenters is the same as the direction
of maximum horizontal compression resulting from subduction of Pacific plate.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0620

Ta-liang Teng
Egill Hauksson
Thomas L. Henyey

Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0740
(213) 743-6124

INVESTIGATIONS

Monitor earthquake activity in the Los Angeles Basin and the adjacent offshore
area. Upgrade of instrumentation for onscale recording of waveforms from local
earthquakes.

RESULT
The 01 Jan 1988-14 May, 1989 L.os Angeles Basin Seismicit

The 1988 seismicity, is characterized by continued Whittier Narrows aftershocks
and several new sequences with mainshocks in the magnitude range from 3.9-5.0. The
first sequence was located near Upland in San Bernardino (Figure 1A). The (ML, = 4.6)
Upland mainshock occurred on 26 June 1988. It was followed by numerous aftershocks
indicating distinctly different behavior from the Whittier Narrows sequence. The Upland
sequence does not appear to be simply related to the adjacent Sierra Madre fault that is a
part of the frontal fault of the central Transverse Ranges. The second sequence, with a
M]1.=3.9 mainshock, occurred September 12, offshore from Torrance in Santa Monica
Bay. The third, with a M] =4.6 mainshock occurred 15 km offshore from Newport Beach
on November 20. The fourth, with a M] =5.0 mainshock occurred in Pasadena on
December 3.

During 01 January- 14 May 1989 two events of ML.=5.0 and My =4.6 were
recorded (Figure 1A). The first mainshock of January 19 was located 15 km south of
Malibu and was followed by several hundred aftershocks. The mainshock fault plane
solution showed pure thrust faulting, similar to the solution for the 1979 Malibu
earthquake. The second mainshock of April 7 was located on the Newport-Inglewood
fault, near Newport Beach. This event was located 2-3 km south of the epicenter of the
1933 Long Beach earthquake. The Newport Beach earthquake that showed pure strike-slip
movement was only followed by six recorded aftershocks. In addition, during this time
period enhanced activity is observed along the Elysian Park fault, to the west of the
Whittier Narrows.

All of these 1988-1989 sequences indicate a unusually high level of seismicity in
the Los Angeles basin. The cumulative number of earthquakes recorded in the Los Angeles
basin from January 1988 to present is shown in Figure 2A. Jones and Reasenberg (1989)
showed that the present rate is anomalously high compared with the rate recorded from
1975 to March 1986.

The Pasadena earthquake of December 3 was widely felt throughout the Los
Angeles metropolitan area. The mainshock's hypocenter was located beneath downtown
Pasadena at 16 km depth. The mainshock was followed by 13 recorded aftershocks during
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the first 12 hours. Two of these aftershocks abutted the northernmost aftershocks of the
1987 Whittier Narrows earthquake. The focal mechanism of the mainshock showed
mostly strike-slip movement, similar to the M=5.3 largest Whittier Narrows aftershock of
October 4, 1987. Both events, separated by a distance of 9 km, lie along strike of one
nodal plane of both focal mechanisms and could be associated with the same steeply
dipping fault striking north-northwest, from Whittier Narrows to Pasadena. Alternatively,
the Pasadena earthquake could be interpreted as left-lateral movement on the Raymond
fault. This interpretation would require the Raymond fault to dip steeply to the north and
have almost no reverse motion. Presently, the distribution of aftershocks suggests that the
Raymond fault is the causative fault.

The focal mechanisms of ten M>3.0 earthquakes that occurred during 1988 in the
Los Angeles basin are shown in Figure 2B. The M=5.0 Pasadena earthquake and two
other events (June 12 and June 26) in the eastern Los Angeles basin showed mostly strike-
slip movement. Events located on the west side of the basin, offshore in Santa Monica Bay
and San Pedro Bay, showed mostly thrust faulting.

PUBLICATIONS

Hauksson, E., L. M. Jones, T. L. Davis, L. K. Hutton, A. G. Brady, P. A. Reasenberg,
A.J. Michael, R. F. Yerkes, P. Williams, G. Reagor, C. W. Stover, A. L. Bent, A.
K. Shakal, E. Etheredge, R. L. Porcella, C. G. Bufe, M. J. S. Johnston, E.
Cranswick, The 1987 Whittier Narrows Earthquake in the Los Angeles Metropolitan
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